Summary. The concentration of oestradiol was measured by radioimmunoassay in ovarian venous plasma collected from ewes of three breeds (Finnish Landrace, Scottish Blackface and Tasmanian Merino) on Day 9 of the oestrous cycle and in jugular venous plasma collected daily around oestrus in two of these breeds. The mean s.e.m. concentration in the ovarian venous plasma of the Merino (44-1 ±7-6 pg/ml) was lower than that in Blackface (72-2 ±10-2 pg/ml) and Finn ewes (66-8 ±10-2 pg/ml). The overall fitted mean concentration in peripheral venous plasma was 1 .7 pg oestradiol-17\g=b\/ml,with no difference between the Finn and Blackface ewes, in which the highest preovulatory values were 3-9 ± 0-5 and 3-4 ± 0-5 pg/ml respectively.
Introduction
Variation in the ovulation rate of the ewe has been postulated to be associated with changes in the sensitivity to oestrogen of the negative and positive feedback loops which regulate ovulation (Land, Wheeler & Carr, 1976; Land, 1976) . Indirect support for this concept can be seen in the delayed (in relation to the onset of oestrus) preovulatory discharge of LH (Thimonier & Pelletier, 1971 ;  Land, Pelletier, Thimonier & Mauleon, 1973; Bindon, Blanc, Pelletier, Terqui & Thimonier, 1975) , the smaller and later release of LH by ovariectomized ewes treated with oestrogen , and the increased tolerance to exogenous oestrogen (Land, 1976) of sheep with high ovulation rates. Such a reduction in the sensitivity of the hypothalamic-pituitary system to the negative feedback of oestro¬ gens would be expected to be accompanied by increased circulatory levels of LH, oestradiol-17ß or both. Published data are few, but suggest that if there are differences in LH they are small (Land et al., 1973) . The evidence for oestrogen is conflicting: Bindon et al. (1975) did not observe any difference in the concentration of oestrogen in the peripheral plasma of breeds of sheep with differing ovulation rates, while we have reported differences in the rate of secretion of oestrogen from the autotransplanted ovaries of ewes with different ovulation rates (Baird & Scaramuzzi, 1976a; Wheeler, Baird, Land & Scaramuzzi, 1978) . The following experiments were conducted to study the concentrations of circulating oestradiol-17ß during the oestrous cycle in three breeds of sheep with different ovulation rates.
Materials and Methods
Twelve ewes each of the Finnish Landrace, Scottish Blackface and Tasmanian Merino breeds (ovulation rates 2-9,1-3 and 1 -0 respectively; Wheeler & Land, 1977) were subjected to laparotomy on Day 9 of the oestrous cycle (oestrus = Day 0). Anaesthesia was induced with sodium pentobarbitone and maintained with halothane, the ovaries and their pedicles were exposed via a mid-ventral incision, and the number of corpora lutea in each ovary was recorded. Ovarian venous blood (20 ml) was collected into heparinized 20-ml (Baird, Swanston & Scaramuzzi, 1976) or sheep jugular venous blood as follows. Plasma (20 ml) was extracted once with 2 volumes of purified (peroxide free) redistilled diethyl ether. The organic layer was removed, evaporated to dryness under nitrogen and the residue redissolved in 2 ml 2,2,4-trimethylpentane saturated with ethylene glycol. The extract was then subjected to celite column chromatography (Baird et al., 1974) . The fraction containing oestradiol-17ß was evaporated to dryness under nitrogen and dissolved in 0-3 ml phosphatebuffered saline containing 01 % (w/v) gelatin and then assayed for oestradiol-17ß by the method described by Baird et al. (1974) . Procedural losses were monitored by the addition of 1000 d/min of [6,7-3H] oestradiol-17ß (sp. act. 46 Ci/mmol; Radiochemical Centre, Amersham, U.K.) to the 20 ml plasma before extraction. The overall recovery of [3H]oestradiol-17ß was estimated by using 0-05 ml (one-sixth) of the final extract. The antiserum (RiB3) to oestradiol-6-BSA was raised in rabbits and selected because of its high affinity and specificity: there was negligible cross-reactivity with all steroids tested (oestradiol-17ß, 100%; oestradiol-17a, 0-4%; oestrone, 1-4%; oestriol, 0-5%). The overall recovery of a typical assay was 62 ± 6% (n = 20). The blank for 20 ml water was 0-11 ± 0-03 (s.e.m.) pg/ml (n = 18). The inter-assay precision measured on a pool of ram plasma was 1-33 + 0-15 pg/ml (n = 11). The assay was capable of detecting as little as 0-1 pg oestradiol-17ß/ml.
Results
The concentrations of oestradiol in the ovarian venous plasma and the ovulation rates of the sheep of the three breeds are shown in Table 1 (Wheeler & Land, 1977) .
The concentration of oestradiol-17ß in peripheral plasma was assayed throughout the oestrous cycle for the ewes of the Finnish Landrace breed, but only around oestrus for most of the Blackface ewes. The comparison of the two breeds is therefore restricted to the period from 5 days before to 4 days after oestrus. Analysis of variance with least squares techniques indicated that there was no interaction between breed of ewe and day of the oestrous cycle, and this source of variation was omitted from further analyses. The estimation of main effects, the analysis of variance of which is summarized in Table 2 , showed that there were significant differences between days of the oestrous cycle. The mean oestradiol concentration increased progressively until the day before oestrus when it was higher than on all other days but there were no other differences among the days ( Table 2 ). The analysis indicated that there was no significant difference between the two breeds over this period of the oestrous cycle, giving a least squares fitted mean concentration of 1-7 pg oestradiol-17ß/m!. The s.e. of the difference (006 pg/ml) was 0135. Individual ewes showed random fluctuations in the con¬ centration of oestradiol-17ß during the luteal phase of the oestrous cycle. These luteal maxima are about 3-4 times the basal concentration recorded but lower than the preovulatory peaks (Table 3 ). The preovulatory peak was slightly higher (13 %) in the Finns than in the Blackface ewes. Finns 1-2 ±0-3 1-9 ±0-5 1-6 + 0-3 1-8 + 0-3 3-1 ±0-6 2-3 ± 0-5 1-4 + 0-4 1-4 ±0-5 1-8 ±0-3 2-4+0-5 (6) (7) (6) (8) (10) (10) (9) (9) (7)
Blackface -1-3+0-9 1-8 ±0-6 2-0 ± 0-3 2-8 + 0-6 1-2 ±0-5 (Pg/ml) Maximum cone, during luteal phase (Pg/ml) Minimum cone, during luteal phase (Pg/ml) 3-9 ± 0-5 (10) 2-7 + 0-3 (22) 0-9 ± 0-1 (28) 3-4 ± 0-5 (9) 30 ± 0-8 (7) 0-8 + 0-2 (7)
Discussion
The radioimmunoassay for peripheral oestradiol-17ß described is able to measure lower oestradiol levels than similar assays used by previous workers (Bindon et al., 1975 ; Yuthasastrakosol, Palmer & Howland, 1975 ; Pant, Hopkinson & Fitzpatrick, 1977) (Baird et al., 1976) and that these peaks occur in response to pulsatile LH release (Baird et al., 1976; Scaramuzzi & Baird, 1977) .
The results show that, in two breeds of sheep (Finn and Blackface) with vastly different ovulation rates, the pattern of oestradiol as assessed from daily blood samples is surprisingly similar and con¬ firms the earlier brief report of Bindon et al. (1975) . The concentration in the ovarian vein did, how¬ ever, differ, the Merino, with the lowest ovulation rate of the three breeds studied, having the lowest oestradiol concentration on Day 9 of the oestrous cycle. The ovarian venous concentrations of oestradiol in Finn and Blackface ewes did not differ; however, differences in secretion rate might have been masked by differences in blood flow because the blood flow to an ovary with a single corpus luteum (CL) is almost twice that to an ovary without a CL (Baird & Scaramuzzi, 1976b) . This is compatible with the breed differences in secretion rates of oestradiol from the autotransplanted ovary when studied at frequent intervals of 6 h (Baird & Scaramuzzi, 1976a) and 0-5 h (Wheeler et al., 1978) over short periods. In the present study the failure to detect or infer breed differences in peri¬ pheral oestradiol levels may be the result of the failure to measure blood flow for the ovarian venous data or the infrequent (daily) sampling of peripheral blood from a relatively small sample of animals.
The present and earlier data (Land et al., 1973 ; Bindon et al, 1975) lead to the conclusion that endocrine measurements need to be made in greater detail than those presently available. For example, oestradiol secretion in sheep varies dramatically with variation in endogenous pulsatile LH discharges (Baird et al., 1976; Scaramuzzi & Baird, 1977) . The hormone concentration in a single daily blood sample cannot detect small, but possibly important, variations in the frequency and/or amplitude of hormone discharge, and is therefore unlikely to give a true indication of hormone patterns.
The problems posed, the identification of the source of variation in ovulation rate and the direct critical testing of the hypothesis that ovulation rate is associated with variation in the negative feed¬ back control of the release of gonadotrophins, still await resolution.
